Recent research indicates that glial cells control complex functions within the nervous system. For example, it has been shown that glial cells contribute to the development of pathological pain, the process of long-term potentiation, and the formation of memories. These data suggest that glial cell activation exerts both adaptive and pathological effects within the CNS. To extend this line of work, the present study investigated the role of glia in spinal learning and spinal learning deficits using the spinal instrumental learning paradigm. In this paradigm rats are transected at the second thoracic vertebra (T2) and given shock to one hind limb whenever the limb is extended (controllable shock). Over time these subjects exhibit an increase in flexion duration that reduces net shock exposure. However, when spinalized rats are exposed to uncontrollable shock or inflammatory stimuli prior to testing with controllable shock, they exhibit a learning deficit. To examine the role of glial in this paradigm, spinal glial cells were pharmacologically inhibited through the use of fluorocitrate. Our results indicate that glia are involved in the acquisition, but not maintenance, of spinal learning. Furthermore, the data indicate that glial cells are involved in the development of both shock and inflammation-induced learning deficits. These findings are consistent with prior research indicating that glial cells are involved in both adaptive and pathological processes within the spinal cord.
Introduction
Early accounts of glial cell function focused primarily upon their role in neuronal support. However, recent research has revealed that neuronal support is only one facet of glial cell activity, and it has become apparent that glia can modulate many aspects of central nervous system (CNS) function. For example, Meller and colleagues (1994) demonstrated that glial cell inhibition attenuates inflammation-induced hyperalgesia. Research has also shown that glial cells underlie the hyperalgesic states induced by HIV-1 gp120 (Milligan et al., 2001 ) and formalin (Watkins et al., 1997) , as well as mirror image pain (Milligan et al., 2003) and spinal nerve transection neuropathic pain (Sweitzer et al., 2001; Takeda et al., 2004) . Not only is glial cell activation necessary for these pathological pain states, it has been shown that an injection of activated microglia is sufficient to set off a cascade that leads to the development of pain in the absence of tissue damage (Narita et al., 2006) .
There is also growing evidence that glial cells influence learning and memory. It has been demonstrated that glial cells proliferate (Jahanshahi et al., 2007 (Jahanshahi et al., , 2008 , hypertrophy (Kleim et al., 2007) , and undergo changes in gene expression (Hydén and Egyházi, 1963) in response to learning and memory tasks. Glial inhibition can also disrupt memory consolidation in single-trial aversion learning tasks (Gibbs et al., 2006a,b) . Furthermore, long-term potentiation (LTP) and long-term depression (LTD), which are thought to be the neural basis of learning and memory, appear to require glial cell activity (Ikeda and Murase, 2004; Ma and Zhao, 2002) . This suggests that glial cells are actively involved in both adaptive and pathological processes within the CNS.
To extend this line of work, the present study investigated the role of glia in modulating spinal plasticity using the spinal instrumental learning paradigm, a simple instrumental (response-outcome) learning task (Grau et al., 1998; Grau and Hook, 2006) . Prior research has demonstrated that the isolated spinal cord is capable of encoding the relationship between leg position and shock. If transected rats receive shock to the tibialis anterior muscle whenever their leg is extended (controllable shock), they learn to maintain their leg in a flexed position and, consequently, minimize net shock exposure. The increase in flexion duration is not merely an artifact of shock, given that transected rats that receive shock independent of leg position (uncontrollable shock) fail to exhibit an increase in flexion duration. Furthermore, exposure to uncontrollable shock undermines future learning, such that rats previously exposed to uncontrollable shock fail to exhibit an increase in flexion duration when later tested with controllable shock (Crown et al., 2002; Grau et al., 1998) . This learning deficit can be induced by just 6-min of uncontrollable shock to the leg or tail and lasts up to 48 h (Crown et al., 2002) .
